Biobased raw material like lignin used during manufacturing of wood and wood composite adhesive have been used extensively to replaced petro-chemical based adhesive because of their easy availability, low cost and biodegradability. Bio-based resources, such as lignin which is an abundant, constitute a rich source of hydroxyl functionality which is being considered as reactive raw material for the production of "adhesives". Lignin is mainly used for production of wood and wood composite adhesives by blending with soy protein, grafting with another polymer and reacting with isocynates. In this review, lignin as suitable alternative raw material to conventional petroleum sourced materials used as a raw material for adhesives is discussed.
Lignin: Use as an Adhesive
Most of the adhesive components were derived from petroleum, which are increasingly more expensive. Another problem is that the cured adhesives within panel products limit the reuse options of the discarded boards and production residuals. Both economical and health benefits could thus be obtained from synthetic resin-free production processes.
Blending of Lignin with Other Polymers
Soy protein has great potential as sustainable biobased wood adhesive but they have low moisture resistance. Lignin has more moisture resistance than soy protein. Bio based adhesive derived from blend of Soy protein and lignin could improve moisture resistance as well as economical. The wet strength of soy protein adhesive increased as lignin particle size decreased [7] [8] [9] [10] [11] . The lignin amine modified soy adhesive exhibited excellent water resistance and high dry and wet shear strengths for plywood. Because of the lignin used in this study largely retained its native highly branched structure, it is not soluble in water and most of organic solvents. However the preparation of partially de-polymerized lignin (PDL) increase solubility in solvents and hence increased accessibility of the hydroxyl groups for reactions. Comparing to PDL amine, the amine based on not de-polymerized lignin could more greatly enhance the adhesion strength and water resistance of soy protein based adhesives reaction is shown in Figure 1 [12]- [18] . adhesive and the product into which lignin is incorporated [19] - [24] . The good compatibility and intermolecular interaction shown by PVA and lignin blend may contribute to sustainability and reduction in the environmental impact associated with disposal of oil-based polymers [25] - [33] . The nanokraft lignin particles when used with polyvinyl alcohol (PVA) increased the thermal stability of nano lignin/PVA blends more effectively compared to the original lignin/PVA blends [34] . In Urea formaldehyde resins, Decrease in formaldehyde release and increase in water resistance was observed by incorporation of lignin [35] - [44] .
Lignin with Different Cross-Linkers
Corn stalk lignin was used to react with non-volatile and non-toxic glyoxal under the catalysis of a sodium hydroxide solution, and a wood adhesive based on glyoxal modified corn stalk lignin was prepared. Lignin-based environmental wood adhesives were prepared by mixing modified lignin and epichlorohydrin (ECH), and the dry strength of plywood reached 1.58 MPa. The mechanical strength and water resistance of plywood was improved significantly by mixing some aqueous emulsion into lignin-based adhesives [45] - [50] . 
Lignin as Reactive Raw Material
Grafting vinyl acetate onto lignin, the mechanical and thermal properties of lignin were enhanced and also made better material with more desirable properties. (Figure 2 ). The hydroxyl group of lignin reacts with isocyanate group to form polyurethane adhesive A series of waterborne polyurethane (WBPU)/modified lignin amine (MLA) adhesives was prepared using MLA as a chain extender by a prepolymer mixing process [59] [60] [61] . The addition of lignin into the formulated PF resin improved the thermal properties and varied the flow behavior of PF resin from Newtonian to Pseudo plastic type. The phenolic nature of lignin makes it prone to replace phenol with lignin derivatives in PF resins to formulate wood composite adhesives suitable for plywood, particle board and other similar kind of composites, replacing current synthetic PF resins which are based on petrochemical, non-renewable sources [62] - [72] . There is a growing demand to develop renewable aromatic compounds to replace the petroleum based Bis-phenol A. Here lignin can be used to develop Renewable epoxy networks economically with low ecological harm as shown in Figure 3 [73]- [78] . Open Journal of Polymer Chemistry Controlled modification of lignin is done to form maleimide lignin derivative and were reacted through an extremely fast thiolene "click" polymerization with thiol containing linkers. Increasing the thiol linker functionality from 2 to 4 results in more crosslinked material [79] . Lignocellulosic ethanol residue(ER), as the by-product of lignocelluloses ethanol production, is rich in activated lignin and usually treated as waste. The ER was used as a renewable and valuable resource to partially replace phenol in the range of 10% -70% to prepare lignin-phenol formaldehyde adhesive [80] [81] . Lignin-phenol-formaldehyde resin adhesives with 10% -60% substitution rates and low residual toxicity were successfully synthesized. These results indicate that the lignin-phenol-formaldehyde resin adhesives synthesized using the designed formulation could effectively
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control formaldehyde emissions without any significant drop in the bonding strength of the bonded plywood [82] .
Polyurethanes are a heterogeneous family of polymers that include in its backbone the urethane group (-NH-CO-O), also known as carbamate group.
The urethane linkages generally result from the reaction between an isocyanate group and a hydroxyl function. For polyurethane synthesis purposes, lignin can act as a source of reactive hydroxyl site; it contains within its structure, both aliphatic and aromatic hydroxyl groups can potentially act as reactive sites for isocyanate groups to form urethane linkages as shown in Figure 4. 
Conclusion
To conclude, lignin has shown to be a potential raw material for adhesive man- 
Futuristic Approach
Lignin is one of the most common naturally occurring renewable materials. Millions of tones of lignin is incinerated as waste each year. The current trends Figure 4 . Reaction between lignin and isocyanate. Open Journal of Polymer Chemistry related to use of lignin, as discussed in this review, show that lignin has various advantages when incorporated in adhesives. The high phenolic content in lignin adds fire retardancy while the components derived from de-polymerized lignin can replace synthetic phenols in phenol-formaldehyde adhesives. From epoxies, phenol-formaldehyde, polyurethanes to poly vinyl acetate based glues; lignin can be incorporated in various systems across chemistries either as filler or as a reactive starting material.
The future developments with regards to lignin's role in adhesives seem to be in replacing and also improving performance of traditional adhesives. It can be used to fulfill many roles depending on the desired properties and can be suitably modified to optimize performance. The low cost, sustainable sourcing and biodegradability of lignin will help adhesive manufacturers looking for ecofriendly and greener alternatives to traditional raw-material sources. Further exploration on characterization, modifications and incorporation of lignin in various adhesive systems is required to get more benefits from incorporating lignin in the system and get further acceptance by chemical manufacturers.
